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Description
Technical Field

[0001] The presentinvention relates to a catalyst used for production of methyl formate through the dehydrogenation
reaction of methanol in a gas phase, and to a method of producing methyl formate by using the catalyst.

Background Art

[0002] Methyl formate is produced as an intermediate in organic synthesis and is an industrially important raw material
for high-purity carbon monoxide, formic acid, formaldehyde, acetic acid, N,N-dimethylformamide, or the like.

[0003] There are reported a large number of catalysts for synthesizing methyl formate through the dehydrogenation
of methanol in a gas phase. Most of the catalysts are formed of copper as the main component. For example, Patent
Document 1 discloses a catalyst consisting of copper, zinc, zirconium, and aluminum, and Patent Document 2 discloses
a catalyst consisting of copper oxide, zinc oxide, and aluminum oxide.

[0004] There are also proposed catalysts each containing a co-catalyst. For example, Patent Document 3 discloses
a method of producing a catalyst by adding a phosphate of copper or the like, a chloride of an alkali metal, alkali earth
metal, or the like, and an alkali metal or alkali earth metal compound excluding halides to a mixture of copper oxide,
zinc oxide, and aluminum oxide. Patent Document 4 discloses a catalyst consisting of a copper-zinc-aluminum oxide,
a phosphoric acid compound, and two or more kinds of alkali metal compounds including lithium.

[0005] In the catalyst described in Patent Document 1 or 2 among those catalysts, the content of copper must be
increased to improve the methyl formate yield and selectivity. Therefore, the mechanical strength of the catalyst after
reductive activation is greatly reduced.

[0006] According to the method described in Patent Document 3, it is said that a catalyst having high mechanical
strength even after reductive activation and having high methyl formate yield and selectivity can be produced by the
function of an additive. With the catalyst described in Patent Document 4, an initial activity and the methyl formate
selectivity are further improved, and it is assumed that this is mainly due to an effect obtained by adding lithium.
[0007] However, further improvement is required for the practical use of those catalysts from the viewpoint of methyl
formate selectivity, durability and heat resistance.

Prior art documents

Patent documents

[0008]

[Patent Document 1] JP-A-53-71008
[Patent Document 2] JP-A-54-12315
[Patent Document 3] JP-A-58-163444
[Patent Document 4] JP-A-3-151047

Summary of invention

Technical problem

[0009] Itis an object of the present invention to provide a methanol dehydrogenating catalyst used for production of
methyl formate, which has high methyl formate selectivity and excellent durability and heat resistance, and a method of
producing methyl formate by using the catalyst.

Solution to problem

[0010] The inventors of the present invention have conducted intensive studies on a catalyst which is formed of a
copper-zinc-aluminum oxide, a phosphoric acid compound, and an alkali metal compound in order to solve the above-
mentioned problem. As a result, the inventors have found that a catalyst containing an alkali metal bromide as the alkali
metal compound has apparently higher methyl formate selectivity than a conventional catalyst containing an alkali metal
chloride as the alkali metal compound, and has excellent durability and heat resistance, that is, small time-dependent
reductions in durability and heat resistance in a durability test and a heat resistance test. Thus, the present invention
has been accomplished.
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[0011] That s, the present invention provides as follows:
A methanol dehydrogenating catalyst used for production of methyl formate, which contains a copper-zinc-aluminum
oxide, a phosphoric acid compound, and an alkali metal bromide; and a method of producing methyl formate,

including dehydrogenating methanol in a gas phase by using the catalyst.

Advantageous effects of invention

[0012] The catalyst of the present invention has excellent durability and heat resistance and high methyl formate
selectivity. By dehydrogenating methanol in a gas phase with the catalyst of the present invention, methyl formate can
be produced high-selectively at a high yield.

Description of embodiments

[0013] The catalyst of the present invention exhibits an activity, in particular, high methyl formate selectivity and heat
resistance in the production of methyl formate by the dehydrogenation of methanol in a gas phase. The reason that such
an effect is obtained seems to be that an alkali metal bromide is contained as the alkali metal compound. The reason
that a catalyst containing an alkali metal bromide as the alkali metal compound is superior in methyl formate selectivity
and heat resistance to a catalyst containing an alkali metal chloride is not known. However, the following reasons are
conceivable.

(1) The catalyst containing an alkali metal bromide has a lower degree of sublimation of the halogen during a reaction
than the catalyst containing an alkali metal chloride. Therefore, the development of methyl formate decomposition
reactivity by an alkali metal as a side reaction is suppressed by electron release from the halogen to the alkali metal,
resulting in high selectivity.

(2) The catalyst containing an alkali metal bromide hardly changes in composition even during the reaction. Therefore,
collapse on the surface of the catalyst hardly occurs, so heat resistance is improved.

[0014] The method of producing a copper-zinc-aluminum oxide as the skeleton of a catalyst component in the catalyst
of the present invention is not particularly limited if copper, zinc, and aluminum catalytic components are uniformly mixed
together. To obtain a homogeneous mixture of copper, zinc, and aluminum catalytic components, for example, a method
in which an aqueous solution of a water-soluble salt of each catalytic component and an alkaline aqueous solution are
mixed together to prepare precipitates and the precipitates are then mixed together, a method in which water-soluble
salts of two catalytic catalysts out of copper, zinc, and aluminum are coprecipitated and a precipitate of the other catalytic
component is mixed with the coprecipitate, and a method in which a coprecipitate of water-soluble salts of three catalytic
components, copper, zinc, and aluminum is obtained may be employed, for example. Note that the precipitate or copre-
cipitate of each catalytic component does not need to be an oxide in the stage of precipitate or coprecipitate if it can be
converted into an oxide in the subsequent drying or baking step (oxide precursor).

[0015] As araw material which may become an oxide of copper, there can be used, for example, water-soluble organic
salts such as copper acetate or water-soluble inorganic salts such as copper chloride, copper sulfate, and copper nitrate.
As a raw material which may become an oxide of zinc, there can be used, for example, zinc oxide and water-soluble
organic salts such as zinc acetate or water-soluble inorganic salts such as zinc chloride, zinc sulfate, and zinc nitrate.
As a raw material which may become an oxide of aluminum, there can be used, for example, in addition to aluminum
oxide and alumina sol, water-soluble organic salts such as aluminum acetate or water-soluble inorganic salts such as
aluminum chloride, aluminum sulfate, and aluminum nitrate.

[0016] Asthe precipitant used for obtaining a precipitate or a coprecipitate, there are used, forexample, alkali hydroxide,
alkali carbonate, and alkali bicarbonate, and specific examples thereof include sodium hydroxide, sodium carbonate,
potassium carbonate, sodium bicarbonate, and ammonium bicarbonate.

[0017] The methanol dehydrogenating catalyst used for production of methyl formate of the present invention can be
produced by adding a phosphoric acid compound and an alkali metal bromide to the above-mentioned copper-zinc-
aluminum oxide or oxide precursor and drying and baking the obtained mixture.

The method of adding a phosphoric acid compound and an alkali metal bromide is not particularly limited if they are
uniformly mixed together and may be a wet or dry process. The drying temperature is preferably about 70 to 150°C, and
the baking temperature is preferably about 350 to 650°C.

The catalyst of the present invention is pelletized before use. Reduction is preferably carried out before the reaction.
[0018] As the phosphoric acid compound, a phosphate, monohydrogenphosphate, dihnydrogenphosphate, pyrophos-
phate, or the like of copper, zinc, or aluminum is preferably used, and specific examples thereof include cupric phosphate,
copper pyrophosphate, zinc phosphate, aluminum phosphate, aluminum monohydrogenphosphate, and aluminum di-
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hydrogenphosphate.

[0019] Examples of the alkali metal bromide include lithium bromide, sodium bromide, and potassium bromide. From
the viewpoints of methyl formate selectivity, heat resistance, and durability, preferred is lithium bromide or sodium
bromide, and particularly preferred is sodium bromide.

[0020] Itis preferred from the viewpoint of the reactivity of the catalyst that the appropriate sintering of a copper atom
should occur. "Sintering" means a phenomenon that the catalyst particles agglomerate into a coarse grain. When the
catalyst particles agglomerate into a coarse grain, the area of the contact reaction interface between the catalyst particles
and methanol decreases, and the number of sites serving as catalyst active points falls, whereby the conversion of
methanol may drop. Meanwhile, appropriate sintering slightly reduces the surface area of the catalyst, thereby making
it possible to stabilize the catalyst in terms of oxidation resistance and the like.

From those viewpoints, as for the content ratio of each component in the catalyst of the present invention, when the
total number of copper atoms contained in the catalyst is 10, the atomic ratio of zinc is preferably 0.1 to 10, more
preferably 0.15 to 5, and further preferably 0.2 to 2, and the atomic ratio of aluminum is preferably 0.1 to 10, more
preferably 0.15 to 5, and further preferably 0.2 to 2. Further, as for the content ratio of the phosphoric acid compound
in the catalyst of the present invention, when the total number of copper atoms contained in the catalyst is 10, the atomic
ratio of phosphorus is preferably 0.1 to 5, more preferably 0.15 to 5, and further preferably 0.2 to 2. As for the content
ratio of the alkali metal bromide, when the total number of copper atoms contained in the catalyst is 10, the atomic ratio
of bromine is preferably 0.02 to 0.5, more preferably 0.03 to 0.4, and particularly preferably 0.05 to 0.3.

Note that the content ratio of each component in the copper-zinc-alumium oxide is appropriately determined to ensure
that the content ratio of each component in the catalyst of the present invention falls within the above-mentioned range
in consideration of the number of copper, zinc, or aluminum atoms contained in the phosphoric acid compound.
[0021] Methyl formate can be produced high-selectively at a high yield by dehydrogenating methanol in a gas phase
with the catalyst of the present invention. The reaction conditions are appropriately determined from the viewpoints of
the yield, production cost, and the like of methyl formate. The reaction temperature is preferably 100 to 400°C, more
preferably 150 to 350°C. The space velocity (gas hour space velocity: GHSV) of methanol is preferably 100 to 100,000/hr,
more preferably 500 to 30,000/hr. The reaction pressure is preferably 5 MPa-G or less, more preferably 1 MPa-G or
less, and is preferably 0.01 MPa-G or more, more preferably 0.1 MPa-G or more, in terms of gauge pressure.

Examples

[0022] The following examples and comparative examples are provided for the purpose of further illustrating the
present invention but are in no way to be taken as limiting.

<Preparation of catalyst>
Example 1

[0023] 186.6 g (0.772 mol) of copper nitrate trihydrate, 11.5 g (0.039 mol) of zinc nitrate hexahydrate, and 28.9 g
(0.077 mol) of aluminum nitrate nonahydrate were dissolved in 1,600 g of ion exchange water and heated to 40°C. The
resulting solution was injected into an aqueous solution at 40°C prepared by dissolving 108.0 g (1.019 mol) of anhydrous
sodium carbonate in 1,600 g of ion exchange water over 1 minute under agitation. The resulting solution was aged by
heating at 40°C for 60 minutes and further at 80°C for 30 minutes, and a precipitate was separated by filtration and
washed with water to obtain 282 g of a coprecipitate.

20.3 g (0.020 mol as Al,O3) of 10 mass% alumina sol, 4.9 g (0.013 mol) of cupric phosphate, 2.5 g (0.006 mol) of
trisodium phosphate dodecahydrate, and 0.8 g (0.008 mol) of sodium bromide were added to and kneaded with the
coprecipitate, and the kneaded product was dried at 115°C for 12 hours and further baked at 600°C for 2 hours. The
obtained oxide was ground, 3 mass% of graphite were added to the ground product, and the resulting mixture was
tableted by a tableting machine to obtain a columnar tablet catalyst having a diameter of 6 mm and a height of 5.5 mm
As a result of elemental analysis, the number of bromine atom was 0.10 (atomic ratio), when the total number of copper
atoms contained in the obtained catalyst was 10. ICP emission spectral analysis was used for the elemental analysis.

Example 2

[0024] A catalyst was prepared in accordance with the preparation method described in Example 1 except that 1.6 g
(0.016 mol) of sodium bromide were added in place of 0.8 g of sodium bromide. As a result of elemental analysis, the
number of bromine atom was 0.20 (atomic ratio), when the total number of copper atoms contained in the obtained
catalyst was 10.
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Example 3

[0025] A catalyst was prepared in accordance with the preparation method described in Example 1 except that 2.5 g
(0.024 mol) of sodium bromide were added in place of 0.8 g of sodium bromide. As a result of elemental analysis, the
number of bromine atom was 0.30 (atomic ratio), when the total number of copper atoms contained in the obtained
catalyst was 10.

Example 4

[0026] A catalyst was prepared in accordance with the preparation method described in Example 1 except that 0.7 g
(0.008 mol) of lithium bromide was added in place of 0.8 g of sodium bromide. As a result of elemental analysis, the
number of bromine atom was 0.10 (atomic ratio), when the total number of copper atoms contained in the obtained
catalyst was 10.

Example 5

[0027] A catalyst was prepared in accordance with the preparation method described in Example 1 except that 1.0 g
(0.008 mol) of potassium bromide was added in place of 0.8 g of sodium bromide. As a result of elemental analysis, the
number of bromine atom was 0.10 (atomic ratio), when the total number of copper atoms contained in the obtained
catalyst was 10.

Comparative Example 1

[0028] A catalyst was prepared in accordance with the preparation method described in Example 1 except that sodium
bromide was not added.

Comparative Example 2

[0029] A catalyst was prepared in accordance with the preparation method described in Example 1 except that 0.34
g (0.008 mol) of lithium chloride was added in place of 0.8 g of sodium bromide. As a result of elemental analysis, the
number of chlorine atom was 0.10 (atomic ratio), when the total number of copper atoms contained in the obtained
catalyst was 10.

Comparative Example 3

[0030] A catalyst was prepared in accordance with the preparation method described in Example 1 except that 0.2 g
(0.008 mol) of lithium fluoride was added in place of 0.8 g of sodium bromide. As a result of elemental analysis, the
number of fluorine atom was 0.10 (atomic ratio), when the total number of copper atoms contained in the obtained
catalyst was 10.

Comparative Example 4

[0031] A catalyst was prepared in accordance with the preparation method described in Example 1 except that 1.1 g
(0.008 mol) of lithium iodide were added in place of 0.8 g of sodium bromide. As a result of elemental analysis, the
number of iodine atom was 0.10 (atomic ratio), when the total number of copper atoms contained in the obtained catalyst
was 10.

Comparative Example 5

[0032] A catalyst was prepared in accordance with the preparation method described in Example 1 except that 0.5 g
(0.008 mol) of sodium chloride was added in place of 0.8 g of sodium bromide. As a result of elemental analysis, the
number of chlorine atom was 0.10 (atomic ratio), when the total number of copper atoms contained in the obtained
catalyst was 10.

<Primary evaluation test of catalyst (screening)>

[0033] To evaluate the activity and heat resistance of a catalyst, methanol conversion and methyl formate selectivity
were measured at higher temperature and higher space velocity (GHSV) conditions than the ordinary reaction conditions.
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Specifically, the obtained molded tablet was first ground, and ground pieces having a size of 20 to 30 mesh were sieved
out. The ground product was reduced at 220°C in a hydrogen stream, and 0.5 ml of the product was weighed and filled
into a reaction tube having an inner diameter of 6 mm. A reaction was carried out at a reaction control temperature of
360°C, a reaction pressure of 0.49 MPa-G, and a methanol GHSV of 100,000/hr for 20 hours to measure methanol
conversion and methyl formate selectivity.
[0034] The methanol (MeOH) conversion and methyl formate (MF) selectivity were determined from the composition
of a gas at the outlet of the reactor based on the following equation. [CO], [CH4], [CO2], [DME], [MeOH], and [MF] in
the equation denote the concentrations (mol%) of carbon monoxide, methane, carbon dioxide, dimethyl ether, methanol,
and methyl formate in the gas at the outlet of the reactor, respectively.

Methanol conversion (mol%)

= ([CO] + [CH4] + [CO2] + ([DME] + [MF]) x 2)/

([CO] + [CHA4] + [CO2] + ([DME] + [MF]) x 2 + [MeOH]) x 100

Methyl formate selectivity (mol%)

= ([MF] x 2)/({CO] + [CH4] + [CO2] + ((DME] + [MF]) x 2) x 100

[0035] The primary evaluation test results of the catalysts of Examples 1 to 5 and Comparative Examples 1 to 5 are
shown in Table 1. The values are the average values for 20 hours.

[0036] [Table 1]

Table 1
Alkali metal Atomic ratio of MeOH MF selectivity .
Catalyst . conversion MF yield (mol%)
halide halogen (mol%)
(mol%)

Example 1 NaBr 0.10 42.2 94.4 39.8
Example 2 NaBr 0.20 42.6 95.3 40.6
Example 3 NaBr 0.30 40.6 96.6 39.2
Example 4 LiBr 0.10 415 94.3 39.1
Example 5 KBr 0.10 39.4 95.4 37.6

Comparative none ; 38.1 90.9 34.6
Example 1

Comparative Licl 0.10 40.1 93.0 37.3
Example 2

Comparative LiF 0.10 38.2 93.1 35.6
Example 3

Comparative Lil 0.10 39.0 91.9 35.8
Example 4

Comparative NaCl 0.10 39.9 92.9 37.1
Example 5

The atomic ratio of halogen is the number of halogen atom when the total number of copper atoms contained in the

catalyst was 10.

[0037] As shown in Table 1, the catalysts of Examples 1 to 5, in each of which an alkali metal bromide was added,
each showed a higher MeOH conversion and MF selectivity than the catalyst of Comparative Example 1 in which no
alkali metal bromide was added. The catalysts of Examples 1 to 5 each showed better MF selectivity and MF yield than
the catalysts of Comparative Examples 2, 3, 4, and 5 in each of which the halogen species was not bromine.
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<Durability test>

[0038] In accordance with the same method as that of the primary evaluation test, a time-dependent change in each
yield was investigated at high temperature and high space velocity (GHSV) conditions by extending the reaction time
to 40 hours. The durability of the catalyst was expressed as an average deterioration rate (%/hr). The average deterioration
rate was determined by calculating a reduction in yield per unit time from the difference between MF yield after 5 hours
of the reaction and MF yield after 40 hours of the reaction. The lower average deterioration rate means more excellent
durability.

The durability test results of Examples 1, 4, and 5 and Comparative Examples 2 and 5 are shown in Table 2.

[0039] [Table 2]

Table 2
Example 1 Example4 Example5 Comparative Comparative
Catalyst
Example 2 Example 5
Reaction time -
(hr) Alkali metal NaBr LiBr KBr LiCl NaCl
halide
MF yield (mol%) (mol%) (mol%) (mol%) (mol%)
5 40.4 40.1 38.6 38.7 38.6
10 39.6 38.8 371 37.2 36.8
20 38.7 37.4 35.5 34.9 34.7
30 36.9 35.2 33.3 32.3 32.0
40 35.4 33.2 311 294 29.4
Average deterioration rate (%/hr) 0.14 0.19 0.21 0.26 0.26

[0040] Asshownin Table 2, the catalysts of Examples 1, 4, and 5, in each of which an alkali metal bromide was added,
each showed alower deterioration rate represented by a time-dependent change in yield than the catalysts of Comparative
Examples 2 and 5 in each of which an alkali metal chloride was added. Therefore, the catalyst of the present invention
obtained by adding a bromide as the halogen species is superior in durability to the catalysts of Comparative Examples
2 and 5 in each of which a chloride was added as the halogen species.

[0041] <Test for evaluating service life of catalyst>

To compare and evaluate the heat resistance and durability of the catalysts of Example 1 and Comparative Example 2,
time-dependent changes in methanol conversion and methyl formate selectivity were measured at a higher temperature
condition than the ordinary reaction condition.

Specifically, the obtained molded tablet was first ground, and the ground pieces each having a size of 0.85 to 1.4 mm
were sieved out. The ground product was reduced at 220°C in a hydrogen stream, and 3 ml of the product were weighed
and filled into a reaction tube having an inner diameter of 10 mm. The test was continued at a reaction control temperature
of 360°C (measured at 260 to 280°C only at the time of measurement), a reaction pressure of 0.49 MPa-G, and a
methanol GHSV of 4,000/hr until the methyl formate (MF) yield at each reaction temperature became 20%. The test
results are shown in Tables 3 and 4.

[0042] [Table 3]

Table 3. Test on service life of catalyst (alkali component: NaBr) of Example 1

Reaction temperature o oced time (hr)  MEOH CONVEIsION e e ctivity (mol%) M yield (mol%)
C) (Mol%)
260 0 327 94.4 30.8
100 26.6 96.5 257
200 22.8 96.3 22.0
310 204 96.1 19.6
270 0 34.1 94.9 324
100 30.7 96.1 29.5
310 24.3 95.8 233
852 20.7 96.6 20.0
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(continued)

F\:eactlon temperature Elapsed time (hr) MeOH conversion MF selectivity (mol%) MF yield (mol%)
(°C) (mol%)
280 174 324 95.4 30.9
500 26.5 96.0 255
810 24.9 96.2 24.0
1,005 23.7 96.3 22.8

[0043] [Table 4]

Table 4. Test on service life of catalyst (alkali component: LiCl) of Comparative Example 2

Reaction temperature b\ cedtime (hy ~ MeOH conversion e ectivity (mol%)  MF yield (mol%)

C) (Mol%)

260 0 33.1 94.9 314
100 30.3 96.6 29.3
200 26.3 96.7 254
320 20.9 96.2 20.1

270 0 349 95.0 33.1
100 33.6 95.4 32.0
303 25.3 96.1 24.3
416 211 95.9 20.1

280 214 336 95.1 32.0
397 255 95.6 24.4
503 21.4 95.6 205

[0044] As shown in Tables 3 and 4, with the catalyst of Example 1 in which an alkali metal bromide was added, the
time elapsed until the MF yield reached 20% was extended 2 times or more at a higher temperature, for example, 270°C
or 280°C as compared with the catalyst of Comparative Example 2 in which an alkali metal chloride was added. Therefore,
the catalyst of the present invention is excellent in heat resistance.

Industrial applicability

[0045] The catalyst of the present invention is excellent in durability and heat resistance and can be used to produce
methyl formate from methanol high-selectively at a high yield.

Methyl formate produced by using the catalyst of the present invention is industrially useful as a raw material for high-
purity carbon monoxide, formic acid, formaldehyde, acetic acid, N,N-dimethylformamide, or the like.

Claims

1. A methanol dehydrogenating catalyst used for production of methyl formate, which comprises a copper-zinc-alumi-
num oxide, a phosphoric acid compound, and an alkali metal bromide.

2. The methanol dehydrogenating catalyst used for production of methyl formate according to claim 1, wherein a
content ratio of the alkali metal bromide is 0.02 to 0.5 at an atomic ratio of bromine when a total number of copper
atoms contained in the catalyst is 10.

3. The methanol dehydrogenating catalyst used for production of methyl formate according to claim 1, wherein the
alkali metal bromide is selected from the group consisting of lithium bromide, sodium bromide, and potassium
bromide.

4. The methanol dehydrogenating catalyst used for production of methyl formate according to claim 1, wherein the
alkali metal bromide is lithium bromide or sodium bromide.
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The methanol dehydrogenating catalyst used for production of methyl formate according to claim 1, wherein a
content ratio of zinc is 0.1 to 10 at an atomic ratio when a total number of copper atoms contained in the catalystis 10.

The methanol dehydrogenating catalyst used for production of methyl formate according to claim 1, wherein a
content ratio of aluminum is 0.1 to 10 at an atomic ratio when a total number of copper atoms contained in the
catalyst is 10.

The methanol dehydrogenating catalyst used for production of methyl formate according to claim 1, wherein a
content ratio of the phosphoric acid compound is 0.1 to 0.5 at an atomic ratio of phosphorus when a total number
of copper atoms contained in the catalyst is 10.

A method of producing methyl formate, comprising dehydrogenating methanol in a gas phase by using the methanol
dehydrogenating catalyst used for production of methyl formate according to any once of claims 1 to 7.
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